Abstract
Contradictory results have been obtained on the effects of PRL on LH binding to the testis. In adult rats, Morris and Saxena (1980) reported that moderate doses of PRL increased the LH binding, while Ota et al. (1983) reported a direct inhibitory action of PRL on the LH binding by heterologous down-regulation.
In contrast, when the PRL concentration greatly increased in rats by transplanting pituitary grafts under the kidney capsule, testicular LH binding increased (Bartke et al., 1977 : McNeilly et al., 1978 : Sharpe et al., 1980 . However, a supranormal concentration of PRL in the mouse induced by transplanting pituitary grafts induced a decrease in LH binding (Klemcke and Bartke, 1981) . In hereditary dwarf mice, which are deficient in plasma PRL and GH, the administration of PRL increased testicular LH binding (Bohnet and Friesen, 1976) . Our unpublished data indicated that the reduction in plasma PRL by bromocryptine treatment in intact adult mice was accompanied by a decrease in plasma FSH and testicular LH binding and that the administration of PRL to bromocryptine-treated mice increased plasma FSH and restored testicular LH binding.
In order to understand the effects of PRL on LH receptors, its action through changes in plasma LH and FSH levels cannot be omitted, if experiments are carried out in intact animals. In the present study, the direct effect of PRL on the testicular LH binding was tested in hypophysectomized (hypox) mice. Although hypox rats have already been used for the study of PRL effects on testicular LH binding (Zipf et al., 1978 : Purvis et al., 1979a , no experiments on hypox mice had been carried out. RRA of LH Highly purified LH (NIADDK-rat LH-I-6) was iodinated with 131I by the lactoperoxidase method (Tsutsui and Ishii, 1978 Changes in body weight, weight of testis and accessory organs, and LH binding after hypophysectomy Body weight was not affected by hypophysectomy (Fig. 1A) . Testicular weight significantly reduced by hypophysectomy (Fig.1B) .
Hypophysectomy also induced a significant reduction in the weight of epididymides and seminal vesicles 10 days after the operation, but further reduction was not noted when observed at 20 days postoperation (Fig.1C, D) .
The binding of LH per 4 mg equivalent of testicular tissue 10 days after hypophysectomy showed a reduction to 44% of that in matched control mice, but no further reduction was detected at 20 days postoperation ( Fig. 2A) . Specific LH binding per testis was calculated from the specific LH binding per unit testicular weight. LH binding per testis in hypox mice was 32% of that in sham-operated mice at 10 days, and further reduction was observed at 20 days, due to the decrease in testicular weight (Fig.2B) . (Fig.3A) . Either separate or combined injections of PRL and FSH increased testicular weight, compared with that of hypox mice (Fig.3B) .
The influence of FSH on testicular weight was more marked than that of PRL, and no additive effect of PRL and FSH was observed. The weight of epididymides was significantly increased by FSH treatment (Fig. 3C, vs. hypox) . PRL tended to increase the epididymal Fig.2 Effects of PRL and/or FSH treatment on the weight of body (A), testis (B), epididymides (C) and seminal vesicles (D) in hypophysectomized mice. Hypophysectomy (H) and sham-operation (S) were performed at 90 days of age. From 10 days after the operation, hypophysectomized mice were given 100 weight, but the increase was not statistically significant. Combined treatment with PRL and FSH was most effective among treatments in increasing epididymal weight. The weight of seminal vesicles was not influenced by PRL and/or FSH treatment (Fig.3D) .
Effects of PRL and/or FSH on LH binding in hypox mice
Neither PRL nor FSH treatment significantly affected the LH binding per testicular weight (Table 1) . However, on a per gland basis the LH binding was enhanced by PRL and/or FSH treatment (Table 1 ). There were no significant differences in the LH binding per 4 mg or per gland among the three treatment groups, showing the lack of an additive effect of PRL and FSH on the binding.
Histological changes The seminiferous tubules in shamoperated mice consisted of cells at all stages of spermatogenesis, and the interstitial space was well-developed, containing typical Leydig cells with abundant cytoplasm and a pale-stained round nucleus with a rim of heterochromatin (Fig. 4, a and b) . Following hypophysectomy the testis underwent degeneration, the seminiferous tubules containing few spermatids and sperms and the interstitial cells mostly consisting of dark-staining cells (Fig. 4, c and d) . In PRL-treated mice, active spermatogenesis and enlarged interstitial space were observed, but the treatment was not effective in restoring the histology of interstitial tissue to its normal appearance (Fig. 4 , e and f). In FSH-treated hypox mice the histology of the testis was similar to that of sham-operated mice (Fig.4, g and h) . The frequency of typical Leydig cells was greater in FSH-treated hypox mice (Fig.4 , g and h) than in control hypox mice (Fig.  4, c and d 
Discussion
Several investigators have indicated that PRL stimulates testicular function in dwarf mice (Bohnet and Friesen, 197 ; Bartke et al., 1977a) , rats (Aragona et al., 1977; Zipf et al., 1978; Purvis et al., 1979a; Belanger et al., 1979; McNeilly et al., 1979; Morris and Saxena, 1980) , and hamsters (Bex and Bartke, 1977; Bex et al., 1978; Matthews et al., 1978 Specific binding sites for PRL and LH were localized on the Leydig cell surface in rats (Aragona et al., 1977 ; Wahlstrom et al., 1983) . Similarly, in the mouse testis the accumulation of labeled PRL was detected on Leydig cells (VanhaPerttula et al., 1973) . Of course, FSH binding sites were located on Sertoli cells in the seminiferous tubules (Fritz et al ., 1975; Setchell et al., 1976; Shimizu et al., 1987) . It has been reported that unknown factor(s) secreted from Sertoli cells following FSH treatment augmented the responsiveness of Leydig cells to LH and increased the LH binding to cultured porcine testicular cells (Benahmed et al., 1985 a, b) . Kerr and Sharpe (1985b) showed that FSH induced maturation of primitive mesenchymal cells to Leydig cells.
Therefore, it is probable that PRL acted only on surviving Leydig cells in hypox mice, and that FSH stimulated Sertoli cells to secrete unknown factor(s) which was effective in the maturation of interstitial cells, resulting in the increase in the number of typical Leydig cells in the present study.
Furthermore, because PRL binding is greater in other organs, such as liver and prostates , than in testis (Vanha-Perttula et al., 1973 ; Aragona and Friesen, 1975) , the influence of these organs might also be very important.
In Figure 4 , a number of cells bearing small and dark-staining polyhedral nuclei (shrunk cells) are visible in the interstitial space of hypox mice. The testis of FSHtreated mice contained more numerous typical Leydig cells and fewer shrunk cells than that of control hypox mice. On the other hand, PRL appeared to have no effect on the ratio of the two cell types in the interstitial tissue. From these observations, it is speculated that FSH enhanced the maturation of shrunk cells to typical Ledyig cells. However, it is unclear whether the shrunk cells are the atrophied Leydig cells, the precursor Leydig cells in the process of development from the mesenchymal cells, or other cell types not belonging to the category of Leydig cells.
In the present study, the LH binding per 106 Leydig cells increased in hypox PRL-treated mice but was unchanged in hypox FSH-treated mice (Table 1) . However, until more exact methods for the identification of Leydig cells are established, no firm conclusion may be drawn on the changes per Leydig cell. Bambino et al. (1980) reported the additive effect of PRL and FSH on the testicular LH binding in immature hypox rats. Because PRL and FSH had different effects on the increase in testicular LH binding, additive effects of these two hormones were expected in the present study. However, this failed to occur in the combination of PRL and FSH doses used. Whether the failure to detect the additive effects was specific to adult mice or not was not clarified in the present study.
Histological observations in the present study showed that the testis of hypox mice was almost totally devoid of sperm but following PRL and/or FSH treatment sperm became visible. It is well known that androgen is required for spermatogenesis (Lostroh, 1976) . In the present study, though circulating testosterone levels in hypox mice with and without treatment with PRL and/or FSH could be expected to be very low because of the lower weight of the seminal vesicles, spermatogenesis was observed in hypox mice treated with either hormone. The positive regulatoryeffect on Sertoli cells was detected following the administration of PRL to hypox mice (our unpublished data). Because specific binding sites for PRL are restricted to Leydig cells (Venha-Perttula et al., 1973 Wahlstroni et al., 1983 , it could be presumed that some factor(s) secreted from Leydig cells due to the stimulation by PRL acted on Sertoli cells. Therefore, indirect and direct effects of PRL and FSH, respectively, on Sertoli cells may be the reason for stimulatory effects on spermatogenesis in hypox mice given injections of either hormone. 
